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Abstract - This paper is a literature review on effect of Catalytic convertor on CI engine parameters 
(emission parameter). The emissions from CI Engines have adverse effects on human health, living 
organisms, and environment. The major emission form diesel engine are: unburned hydrocarbon, oxides 
of carbon (COX), oxides of nitrogen (NOX), oxides of sulphur (SOX), and solid carbon particulate matter 
(PM). Similarly, for biodiesel it was observed that HC, CO, CO2 were lowered, while NOX remains still 
higher. For in-cylinder reduction of emission Catalytic converter are effective for CI Engines. It was 
found that using Catalytic convertor reduces the emission from engine effectively. 
I.  INTRODUCTION  
Catalytic converter is device which converts toxic 
pollutants into intoxic pollutants. The catalytic 
converter is used with either petrol or diesel engine.  
There are two basic types of  catalytic converter  
used,  that  is,  two  way  catalytic  converter  and  
three  way  catalytic converter.  In  two  way  
catalytic  converter,  oxidation  of  hydrocarbon  
and  oxides  of  carbon takes  place.  Also,  
oxidation  of  hydrocarbon,  oxides  of  carbon  and  
reduction  of  oxides  of  nitrogen  takes  place  in  
three  way  catalytic  converter. Internal combustion 
engines generate undesirable emissions during the 
combustion process.  In  this,  both  SI  and  CI  
engines  are  equally  responsible  for  both.  The 
emissions exhausted into the surroundings pollute 
the atmosphere and causes global warming, acid 
rain, smog and hazardous effect on human  being.  
The major causes of these emissions are  
nonstoichiometric  combustion,  dissociation  of  
nitrogen  and  impurities  in  the  fuel  and  air.  The 
emissions  of  concern  are  unburnt  hydrocarbon,  
oxides  of  carbon,  oxides  of  nitrogen, particulate 
matter. As we know that CI Engines are better 
power source due to higher compression ratio, 
higher efficiency, performance, and reliability than 
SI Engines.  Hence, in most of on-road 
transportation  and off- road stationary applications, 
CI Engines are widely used.  However, an emission 
from CI engine is burning issue.  It  (heavy  
emissions)  causes  penalty  on  fuel economy,  
efficiency,  hazardous  effect  on  health,  and  
environment  etc.  Accordingly,  key technique  to  
lower  emissions  meeting  present  and  





III History of catalytic convertor 
The  catalytic  converter  was  invented  by Eugene  
Houdry,  a  French  mechanical engineer  and  
expert  in  catalytic  oil  refining who  lived  in  the  
U.S.  around 1950.  When  the results  of  early  
studies  of smog in  Los  Angeles  were  published,  
Houdry  became  concerned about the role of smoke 
stack exhaust and automobile exhaust in air 
pollution and founded a company,  Oxy-Catalyst.  
Houdry first  developed  catalytic  converters  for  
smoke  stacks called cats for short. Then he 
developed catalytic converters for warehouse 
forklifts that used low grade non-leaded gasoline. 
Then in the mid-1950s he began research to develop 
catalytic  
converters for gasoline engines used on cars. [1] 
Widespread  adoption  of  catalytic  converters  did  
not  occur  until  more  stringent emission control 
regulations forced the removal of the anti-knock 
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agent, tetraethyllead,  from most  gasoline,  because  
lead  was  a  'catalyst  poison'  and  would  
deactivate  the  converter  by forming a coating on 
the catalyst's surface, effectively disabling it. 
Catalytic converters were further  developed  by  a  
series  of  engineers  including John  J.  Mooney 
and Carl  D.  Keith at the Engelhard Corporation, 
creating the first production catalytic converter in 
1973[1]. 
 
III Types of catalytic convertor 
For an automobiles’s IC Engine to operate, a 
controlled combustion reaction needs to occur 
inside the  vehicle’s  engine.  But  this  reaction  
also  produces  harmful  burnt  gases  that contribute  
significantly  to  air  pollution  and  good  air  
quality  is  very  important  for  an individual’s 
overall health. There are two types of catalytic 
converter.   
i) Two way catalytic converter  
ii) Three way catalytic converter 
 
Fig.1 Representation of catalytic convertor 
 




Fig 2.Two way Catalytic Converter 
A two-way (or "oxidation") catalytic converter has 
two simultaneous tasks:  
1. Oxidation of carbon monoxide to carbon dioxide: 
2CO + O2 → 2CO2 
2.  Oxidation  of hydrocarbons (unburnt  and  
partially  burnt  fuel)  to  carbon  dioxide and water:  
CxH2x+2 + [(3x+1)/2] O2 → xCO2 + (x+1) H2O 
(a combustion reaction).  This type of  catalytic  
converter  is  widely  used  on diesel  engines to  
reduce  hydrocarbon  and  carbon monoxide 
emissions. They were also used on gasoline engines 
in American-  and Canadianmarket automobiles 
until 1981. Because of their inability to control 
oxides of nitrogen, they were superseded by three-
way converters.[1] 
2) Three way catalytic converter 
 
Fig.3 Three way catalytic converter 
 
Three-way catalytic converters (TWC) have the 
additional advantage of controlling the emission of 
nitrogen oxides (NOx), in particular nitrous oxide, a 
greenhouse gas over three  
Hundred times more effective than carbon dioxide, 
a precursor to acid rain and currently the most 
ozone-depleting  substance.  Technological  
improvements  including  three-way  catalytic 
converters  have  led  to  motor  vehicle  nitrous  
oxide  emissions  in  the  US  falling  to  8.2%  of 
anthropogenic nitrous oxide emissions in 2008, 
from a high of 17.77% in 1998.Since 1981, "three-
way" (oxidation-reduction) catalytic converters 
have  been used in vehicle emission control systems 
in the United States and Canada; many other 
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countries have also adopted stringent vehicle 
emission regulations that in effect require three-way 
converters on gasoline-powered vehicles. The 
reduction and oxidation catalysts are typically 
contained in  
a common housing, however in some instances they 
may be housed separately. 
catalytic converter has three simultaneous tasks: 
1.  Reduction of nitrogen oxides to nitrogen and 
oxygen:  
2NOx → xO2 + N2 
2.  Oxidation of carbon monoxide to carbon 
dioxide:  
2CO + O2 → 2CO2 
3.  Oxidation of unburnt hydrocarbons (HC) to 
carbon dioxide and water:  
CxH2x+2 + [(3x+1)/2]O2 → xCO2 + (x+1)H2O 
 
II Engine Characteristics Fitted with catalytic 
convertor 
Julie  Pardiwala  et  al.,  [1]  systematically  
reviewed  use  of  catalytic  converter  for  
automotive  exhaust  emissions.  The  study  
comprise  of  history  of  catalytic  converter,  types,  
materials,  limitations,  effect  of  air  fuel  ratios  
(lean  or  rich),  etc.  It   was concluded with 
suggestion of noble group (platinum) base metal 
catalyst in catalytic converter. It  was  noted  that,  
the  three-way  catalyst  with  stoichiometric  engine  
control  systems remain  the  state  of  art  method  
for  simultaneously  controlling  hydrocarbon,  CO  
and  NOx  emissions from vehicle. The economical 
reasons, limited resources of platinum group (noble) 
metal and some operating limitations of platinum 
group metal based catalytic converters have 
motivated the investigation of alternative catalyst 
materials. 
Emission  Control  Technologies  for  Diesel-
Powered  Vehicles  [2]  In  this,  they  studied  that  
a  number  of  technologies  exist  that  can  greatly  
reduce  emissions  from  diesel powered vehicles. 
The widespread availability of ultra low sulfur 
diesel for on-road vehicles has  enabled  the  
application  of  advanced  emission  control  
systems  for  diesel  engines.  The  future expansion 
of low sulfur fuels for off-road applications will 
allow the implementation of  the  same  advanced  
control  technologies  to  the  full  range  of  diesel  
vehicles  including  locomotive and marine engines. 
Diesel oxidation catalysts, diesel particulate filters, 
exhaust  gas recirculation and crankcase emission 
controls have been successfully rolled out on new  
on road  vehicles.  These technologies offer 
opportunities to greatly reduce emissions of 
particulate matter  and  other  pollutants  like  toxic 
HCs.  Advanced NOx control technologies are 
being developed to meet EPA on highway emission 
standards. Technologies such as lean  NOx  traps  
and  selective  catalytic  reduction  have  been  
demonstrated  to  be  durable  and  effective  
methods  of  achieving  low  tailpipe  NOx  levels  
from  diesel  and  other  lean  burn  engines. Some 
of the technologies that reduce particulate matter 
and NOx are also applicable to the diesel engines 
already on the road today, offering a cost-effective 
way to reduce diesel emissions during their 
remaining life.  
Rajesh  Biniwale.,  et  al.,  [3]  discussed  non  noble  
based  material  for  catalyst  technology.  Alumina  
wash  coating  on  ceramic  substance,  scale  up  
technology,  catalyst coating  was  studied. Also, 
financial calculations were made for project and 
payback of emission reduction device. The emission 
reductions were reported for CO and HC 55-60% 
for  
four wheeler vehicles and 65-75% for two wheeler 
vehicle catalytic converter. 
Benjamin S.F., et al,[4] used a computational fluid 
dynamics (CFD) technique for the prediction of 
uniform conversion efficiency across  an 
automotive catalytic  converter.  It  was  noticed  
variable  conversion  efficiency  across  the  
monolith.  The principle of a design methodology 
has been  described that predicts the monolith 
geometry of a catalytic converter  under  diffusion-
limited  regimes  so  as  to  provide  uniform  
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conversion  efficiency  across  the  monolith. The 
simulations were performed for 2D axi-symmetric 
systems under steady flow  conditions and assumed 
a monolith resistance given by the Hagen–Poiseuille 
relationship. 
Liu X. et al, [5] reported that power generation of 
exhaust thermo electric generator (TEG)  depends  
on  heat  energy  and  thermoelectric  conversion  
efficiency.  It  was  mentioned  about  location  of  
TEG  among  CC  and  muffler.  Three cases were 
studied.  Simulation and experiment were 
developed to compare thermal uniformity and 
pressure drop characteristics over the three 
operating cases. From the simulation and 
experiment, heat exchanger in case (TEG in 
between CC and muffler) obtained more uniform 
flow distribution, higher surface  temperature  and  
lower  back  pressure  than  in  other  cases.  At  the  
same  time,  the  CC  and  muffler could keep 
normal working in case 2, providing a theoretical  
and experimental basis  for the exhaust gas waste 
heat recovery. 
Schalwig J. et al, [6] showed that, filling and 
regeneration of NOx storage catalysts could be 
monitored with the help of simple two-sensor arrays 
consisting of: (i) a SiC-based  field-effect  gas 
sensor with a catalytic Pt gate (Pt-MOSiC), and (ii) 
a resistive thin-film metal oxide gas sensor.  It  was 
reported that, two sensors were sufficient  and  
significant  for  NOx  
control, filling and regeneration. 
Larsson G. et al., [7] studied the effect of three 
after-treatment options: no retrofit; a  diesel  
oxidation  catalyst  (DOC)/diesel  particulate  filter  
(DPF)  system;  and  a  selective  catalytic  
reduction  (SCR)  catalytic  converter.  Two  vehicle  
usage  patterns  were  considered,  one following 
the legal  test cycle (used  for all off-road vehicles) 
and one corresponding to  average  agricultural  
tractor  usage.  It was observed that, catalyst 
contribute only a minor fraction of the total 
environmental impact, with most impact associated 
with fuel consumption  and CO2 emissions. In order 
to achieve more substantial reductions in 
environmental impact,  
it would therefore be necessary to reduce the 
environmental impact of the fuel and/or improve  
the fuel economy. 
Poliana R. de Almeida et. al.,[8] studied about 
catalytic converter aging for vehicle operation with 
ethanol. Also, they studied about what is effect of 
ethanol on performance of  catalytic  converter.  In  
this  work,  they  used  three  catalytic  converters 
aged  with  vehicle operating on chassis 
dynamometer by 30000  km. In this, they took two 
cases i.e. first, they used 22% ethanol + 78% 
gasoline and in second case, they used 100% 
ethanol as fuel. In this  way,  different  tests  were  
performed  on  each  catalytic  converter  and  
determination  of  degradation  factor,  surface  area  
analysis  by  BET  method,  evaluation  of  oxygen  
storage  capacity, and conversion efficiency using 
synthetic gas should be done.  
From  this  they  concluded  that  increasing  
temperature  causes  increased  catalytic  converter 
degradation, decreased specific surface area, 
decreased oxygen storage capacity and  decreased  
conversion  efficiency.  There  was  not  effect  of  
fuel  used  at  the  end  of  catalytic  converter aging 
period. Also, upto 20000 km of vehicle operation, 
there is an indication that  the differences in 
combustion products of gasoline and ethanol may 
affect the conversion of  CO and 
Nܱݔ 
Rob Morin et. al.,[9] studied about wiremesh 
substrate with different geometry and channels.  
Also  they  studied  about  material  used  for  
wiremesh  substrates  and  its  effects  on 
environment.  They  proposed  that  wiremesh  
substrate  provide  radial  and  longitudinal  flows  
and  turbulent  kinetic  energy.  Also they  studied  
about  backpressure.  They  optimized backpressure 
of substrate using different material properties and 
knitting patterns. They used different brazing 
material for optimization of substrate geometry.  
They used CFD for modeling of longitudinal and 
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radial depth flows within body of substrate. They 
used different  wire  types  and  wire  mesh  patterns  
for  testing  of  analyzability,  packagability  and  
physical  durability of substrates 
S. Chauhan et. al, [10] discussed  about  catalysts 
used in catalytic converter.  They proposed  that  
catalyst  helps  to  bring  about  reduction  of  
pollutants  like  hydrocarbon,  CO,  
NOx, etc.  In this, they studied about catalyst used  
for  gasoline  engine.  They proposed that 
performance of catalytic converter is highly 
dependent upon types of catalyst or combination of 
catalyst. In this, they reported about different types 
of catalysts, that is, oxidation catalysts and 
reduction catalysts. 
B. Balakrishna et. al., [11] studied about material 
used for catalysts.  The 70% of air pollution is due 
to emissions from an internal combustion engine. 
The harmful gases increases  
the global warming, so catalytic converter plays an 
important role. They analysed the catalytic 
converter using CFD. In this, they used knitted steel 
wire mesh material for catalysts because rare earth 
metals used as catalyst to reduce NOx are costly 
and rarely available. With the help of  CFD  
analysis,  various  models  with  different  wire  
mesh  grid  size  combinations  were simulated 
using boundary conditions. Also, they studied about 
comparison of back pressure of different catalytic 
converter models. 
Mukesh Thakur et. al, [12] presented that  new  and  
better techniques for pollution control are emerging 
as nano-particles push the limits and capabilities of 
technology. In this work,  they  designed  some  
alterations  and  modifications  to  increase  the  
retention  period  of exhaust gases to provide more 
time  for its oxidation and thereby to reduce 
emissions. They modeled four stroke SI engine with 
nanosized copper coated catalytic converter. In this 
work, they used nano material coating for catalytic 
converter to reduce emission.  
P. Karuppusamy et. al., [13] studied about flow 
characteristics of catalytic converter. Also  they  
designed  catalytic  converter  and  analysis  should  
be  done  with  the  help  of  CFD software. They 
studied vorticity and backpressure of different 
catalytic converter models from CFD. They studied 
backpressure variations and flow of gas in substrate. 
From analysis they select  model  and  experiment  
were  carried  out  with  this  model  of  catalytic  
converter  on computerised  kirloskar  single  
cylinder  four  stroke  diesel  engine  test  rig  with  
eddy  current dynamometer. They concluded that 
with the installation of catalytic converter brake 
thermal efficiency reduces and brake specific fuel 
consumption, fuel flow rate increases. 
M.  A.  Kalam et. al., [14] studied about new 
catalytic converter to be used for  natural gas 
fuelled engine. They used titanium dioxide (TiO2) 
and cobalt oxide (CoO) with wiremesh substratefor 
catalyst material. According to them, this material is 
more emission reduction as compared  to  
conventional  material  such  as  platinum,  
palladium.  Conventional material harmful for  
environment  as  well  as  human  health.  They  
compared  the  emission  of  both original  
manufacture  and  new  developed  catalytic  
converter.  They developed  new  catalytic 
converter using TiO2/CoO based material with 
metal substrate. Also, they stated development 
process of components of catalytic converter. 
Tariq Shamim [15] studied  about  computational 
investigation of the  effect of space velocity on the 
dynamic performance of  an  automotive catalytic  
converter.  They develop a better fundamental 
understanding of  the  converter’s  performance  
under  actual  driving conditions.  In this work, he 
considers the transient effects by  modulating the 
air-fuel ratio and compositions of the exhaust gases 
entering the catalyst.  In this work, the influence of 
space velocity  on  the  catalyst  dynamic  behaviour  
was  examined.  The  transient  conditions  were 
simulated by considering the catalyst  subjected to 
temporal modulation in air-fuel ratio and exhaust  
composition.  A  wide  range  of  space  velocity  
from  25,000  to  150,000  per  hr  was investigated. 
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P.  V.  Walke, et. al, [16] studied about catalytic 
converter with different catalyst for emission 
reduction. In this work, they were designed and 
developed the catalytic converter.  
The developed catalytic converter was installed 
with single cylinder four stroke diesel engine. The 
experiment were conducted with developed 
catalytic converter. They concluded that with use of 
different catalyst, HC, CO and NOx emission 
reduces. Also, they concluded that with use of 
zirconium dioxide HC emission reduces. The 
addition of zirconium dioxide and cerium oxide 
reduces NOx emission. With the use of copper 
oxide as catalyst, CO emission reduces. 
 
IV Conclusion 
From the literature survey, all theoretical study 
about catalytic converter had done and various 
components of catalytic converter are suggested. 
The exhaustive review of literature on CI Engines 
fitted with catalytic converter was carried out. It 
was noticed that little work has been done on an 
engine with catalytic converter.  From the 
experimentation, it is clear that with catalytic  
converter system results are  more  effective  as  
compared  to  without  catalytic  converter  system.  
As compared  to without catalytic converter system, 
HC and CO emissions are reduced. 
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